We describe a safe and highly effective non-viral vector system based on β-cyclodextrin (β-CD)-modified dendrimer-entrapped gold nanoparticles (Au DENPs) for improved delivery small interfering RNA (siRNA) to glioblastoma cells. In our approach, we utilized amine-terminated generation 5 poly(amidoamine) dendrimers partially grafted with β-CD as a nanoreactor to entrap Au NPs. The acquired β-CD-modified Au DENPs (Au DENPs-β-CD) were complexed with two different types of therapeutic siRNA (B-cell lymphoma/leukemia-2 (Bcl-2) siRNA and vascular endothelial growth factor (VEGF) siRNA). The siRNA compression ability of the Au DENPs-β-CD was evaluated by various methods. The cytocompatibility of the vector/siRNA polyplexes was assessed by viability assay of cells. The siRNA transfection capability of the formed Au DENPs-β-CD vector was evaluated by flow cytometric assay of the cellular uptake of the polyplexes and Western blot assays of the Bcl-2 and VEGF protein expression. Our data reveals that the formed Au DENPs-β-CD carrier enables efficiently delivery of siRNA to glioma cells, has good cytocompatibility once complexed with the siRNA, and enables enhanced gene silencing to inhibit the expression of Bcl-2 and VEGF proteins. The developed Au DENPs-β-CD vector may be used for efficient siRNA delivery to different biosystems for therapeutic purposes.
Introduction
Gene therapy is becoming a promising strategy for cancer therapy by transfecting genetic materials (such as DNA [1] [2] [3] , RNA [4, 5] and antisense oligonucleotides [6, 7] ) into target cancer cells to achieve the therapeutic purposes. Among that, RNA interference has been considered as one of the most potential strategies for cancer therapy through silencing the specific genes up-regulated in cancer 
Results and Discussion

Characterization of Vector/siRNA Polyplexes
Herein, we aimed to explore the enhanced delivery efficiency of siRNA using the Au DENPs-β-CD (Q2) vector. Au DENPs without β-CD modification (Q1) and pristine G5.NH2 dendrimers (Q0) were used for comparison. We first checked the siRNA compaction capability of the vectors. Agarose gel retardation assay was used to analyze the obtained vector/siRNA polyplexes ( Figure 1) . Apparently, the migration of both siRNAs is able to be blocked at higher N/P ratios. For Bcl-2 siRNA, all vectors fully inhibit the siRNA migration at the N/P ratio of 2:1 or above ( Figure 1a ). For VEGF siRNA, Q0 and Q1 retard the siRNA migration at the N/P ratio of 2:1 or above (Figure 1b ), similar to Bcl-2 siRNA. It seems that Q2 displays a better compaction capacity of VEGF siRNA than Q0 and Q1, and the siRNA migration can be completely retarded at the N/P ratio above 1:1. Clearly, the conjugation of β-CD onto G5 dendrimers is beneficial for enhanced siRNA compaction, in accordance with our previous study [48] . These results demonstrated that both Bcl-2 siRNA and VEGF siRNA could be efficiently compressed by the vectors at N/P ratios greater than 2:1.
DLS and zeta potential measurements were utilized to characterize the vector/siRNA polyplexes ( Figure 2 and Table S1 , Supporting Information). Apparently, the hydrodynamic particle size of the vector/siRNA polyplexes decreases with the N/P ratio. This may be attributed to the situation that at a higher N/P ratio, more vector materials are present and the siRNA can be more compacted to have a smaller size. It appears that polyplexes composed of the vectors with Au NPs entrapped have a slightly larger size than those gained using dendrimers without the entrapment of Au NPs, which is different from the vector/pDNA in our earlier work [44] . This difference is probably owing to the much smaller molecular weight of siRNA, and the size of the polyplexes could be mainly derived from that of the vectors. 
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Cytotoxicity Assay
MTT assay of cell viability was next carried out to test the cytotoxicity of vector/siRNA polyplexes ( Figure 4 ). The cell viability is reduced with the vector concentration. The cytotoxicity of the vector/siRNA polyplexes obeys the order of Q2/siRNA < Q1/siRNA < Q0/siRNA at the same vector concentration for either Bcl2 siRNA (Figure 4a ) or VEGF siRNA (Figure 4b ). Even at the highest vector concentration of 2000 nM, the cells incubated with the Q2/siRNA polyplexes still display a viability higher than 80%, while the cells co-cultured with the Q0/siRNA polyplexes show a viability lower than 60%. Our results suggest that Q2 could be adopted as a relatively 'safe' gene delivery vector when compared with Q0 and Q1. Our data emphasize that the dendrimer periphery modification with β-CD and the internal loading of Au NPs are beneficial to compromise the cytotoxicity of G5 PAMAM dendrimers. 
Uptake of Vector/siRNA Polyplexes by Cancer Cells
The cellular uptake of the vector/siRNA polyplexes was investigated by flow cytometry analysis ( Figure S1 , Supporting Information). As shown in Figure 5 , for both vector/Cy3-Bcl-2 siRNA and vector/Cy3-VEGF siRNA polyplexes, the percentages of fluorescent cells associated with the Cy3-labeled siRNA are relatively higher at the higher N/P ratios of the polyplexes. Under the same conditions, it appears that Bcl-2 siRNA (Figure 5a ) can be more significantly uptaken by the U87MG Figure 3 . Surface potentials of Bcl-2 siRNA (a) and VEGF siRNA (b) complexed with Q0, Q1, and Q2 at N/P ratios of 2.5:1, 5:1 or 10:1, respectively (mean ± SD, n = 3).
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Gene Silencing with VEGF and Bcl-2 siRNAs
With the goal to study the effective siRNA delivery using the designed vector systems, Western blot analysis was undertaken to explore the gene silencing capabilities of vector/siRNA polyplexes at the N/P ratio of 5:1. We used naked siRNA without any protection as a control and GAPDH protein was adopted as the reference protein. As shown in Figure 7a , the Bcl-2 gene is not able to be silenced by naked Bcl-2 siRNA, which is similar to the control cells. In contrast, decreased expression of Bcl-2 protein can be seen in cells treated with all vector/siRNA polyplexes, and the gene silencing efficacy follows the order of Q2 > Q1 > Q0. Similarly, VEGF siRNA is also able to be transfected after complexation with the vectors of Q0, Q1, and Q2 to lower the expression of VEGF protein (Figure  7b) , and the gene silencing trend follows the same order. These results prove that the Au DENPs-β-CD (Q2) possess excellent siRNA transfection ability and the formed polyplexes are able to silence the genes in cancer cells for effective gene therapy applications. 
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Experimental Section
Synthesis of Au DENPs-β-CD
G5.NH2, Au DENPs, and Au DENPs-β-CD were obtained using the same procedures described in our previous work [48] . For clarity, the structure of G5.NH2 PAMAM dendrimer and β-CD can be seen in Figure S3 (Supporting Information). Besides, for simplicity, the above materials were referred to as Q0, Q1, and Q2, respectively.
Preparation of Vectors/siRNA Polyplexes
Bcl-2 and VEGF siRNAs were respectively complexed with vectors with various N/P ratios. Both vectors and siRNA (1 μg) were dissolved in phosphate buffered saline (PBS, 0.01 mol/L, pH 7.4) to reach an ultimate volume of 100 μL, then blended gently and incubated for 20 min at room temperature.
Gene Silencing with VEGF and Bcl-2 siRNAs
U87MG cells were incubated into 12-well flat-bottomed plates at a density of 1 × 10 5 cells/well as described above. When the cells were brought to a 60-70% confluence, the medium in each well was substituted with 1 mL of fresh DMEM containing 100 μL of vector/siRNA polyplexes prepared using 1 μg of siRNA at the N/P ratio of 5:1. After incubation for 4 h, the cell medium was exchanged to fresh DMEM supplemented with 10% FBS and the cells were then cultivated for additional 48 h. Then, the cells were treated with pre-chilled PBS and digested with lysis buffer (400 μL/well) for 30 min under ice bath. The lysates were centrifuged at 12,000 rpm for 5 min at 4 °C. Thereafter, the supernatants were collected for Western-blot assay according to protocols in our previous work [13] . Both the Bcl-2 and VEGF proteins were detected using a Western Lightning ® Plus-ECL (Enhanced Chemiluminescence) Kit (PerkinElmer, Inc., Boston, MA, USA). More detailed information of experimental can be seen in Supporting Information.
Conclusions
To summarize, we used the synthesized Au DENPs-β-CD as a carrier for highly efficient delivery of siRNA to glioblastoma cells. The Au DENPs-β-CD are much more efficient to compact 
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Conclusions
To summarize, we used the synthesized Au DENPs-β-CD as a carrier for highly efficient delivery of siRNA to glioblastoma cells. The Au DENPs-β-CD are much more efficient to compact siRNA under appropriate N/P ratios, and exhibit lower cytotoxicity and better siRNA delivery efficiency than the pristine G5.NH 2 dendrimers and the Au DENPs without β-CD modification. These results are related to the dendrimer surface modification of β-CD and dendrimer internal cavity entrapment of Au NPs. In addition, with the assistance of the Au DENPs-β-CD vector, both Bcl-2 and VEGF siRNAs are able to be transfected to silence of glioblastoma cancer cells by downregulation of the respective proteins. Strongly, our study suggests that Au DENPs-β-CD may be employed as a prospective carrier for safe and effective transfection of siRNA to treat a variety of cancer cells based on specific siRNAs.
Supplementary Materials: The following are available online at http://www.mdpi.com/2079-4991/8/3/131/s1. Figure S1 : Flow cytometry analysis spectra; Figure S2 : Confocal microscopic images; Figure S3 : Molecular structures of G5.NH 2 PAMAM dendrimers and β-CD; Table S1 : Polydispersity index (PDI) of siRNA complexed with vectors.
